GPS and time-depth recorders were deployed in combination to investigate foraging 15 behaviour of common murres (Uria aalge) breeding at Stora Karlsö island, Baltic Sea during 16 the chick rearing period. In the pre-breeding period the main prey species sprat (Sprattus 17 sprattus) of murres is targeted by commercial fisheries, likely reducing prey availability 18 during the breeding season. Foraging trips typically consisted of a short flight followed by a 19 period sitting on the sea surface (0.39 ± 0.48 h), followed by several (5.3 ± 3.8) diving bouts 20 interspersed by flights and water surface activity. Following the final diving bout murres 21 returned directly to the colony. Overnight foraging trips lasted longer than daytime trips and 22 that corresponded with greater diving activity and reduced dive depths around dawn and 23 dusk, likely times of high prey accessibility. High outward flight groundspeeds (20.0 ± 2.8 ms -24 Evans et al. (2013) Mar Ecol Prog Ser 475:277-289. http://dx.doi.org/10.3354/meps10125 Page 2 of 40 1 ) are aided by tailwinds and lower inward flight groundspeeds (15.1 ± 2.5 ms -1 ) impeded by 25 headwinds. Flights following the wind direction may reflect a strategy to reduce crosswind 26 drift. Foraging intensity was lower than reported by most other studies of murres suggesting 27 more abundant or aggregated prey. 28 29 Keywords 30 Foraging behaviour, diving behaviour, Uria aalge, common murre, wildlife telemetry, data 31 loggers, Baltic Sea 32 42 et al. 2003 , Paredes et al. 2008 . In this paper we describe how two commercially available 43 devices were used simultaneously to record both diving activity and spatial activity in a large 44 alcid, the common murre (Uria aalge). 45 As single prey loaders, chick-rearing adult murres return from foraging trips with one fish 46 held length-ways in the beak to feed to the chick (Bradstreet & Brown 1985), limiting 47 Owing to some deployments with both GPSD and TDR and others with only TDR, it was 126 necessary to use different parts of the data-set depending on the analysis. Thus, sample 127 sizes differ depending on the factor of interest. We recovered devices from 7 common 128 murres tracked during the breeding period. Six of GPSD with TDR, and one TDR only; the 129 remaining four birds were not recaptured, so devices could not be recovered. However, 130 these birds were observed on the breeding-ledge apparently continuing chick provisioning. 131 There were three 60 s and three 90 s interval GPSDs. One 60 s and one 90 s devices failed 132 for unknown reasons after 4 and 12 h, respectively. The remaining 4 devices recorded on 133 average for 53 and 58 h for the 60 s and 90 s devices, respectively. In total 27 foraging trips 134 were tracked, of which 18 were complete, 22 included at least the start and end of the trips; 135 the remaining 5 missed the start or end positions (detailed sample sizes in S1). 136 362 migrants. Ornis Scand 24:87-94. 363 Åkesson S, Hedenström A (2007) How migrants get there: migratory performance and 364 orientation. Bioscience 57:123-133. 365 Alerstam T, Pettersson S-G (1976) Do birds use waves for orientation when migrating across 366 the sea? Nature 259:205-207. 367 Ashmole NP (1963) The regulation of numbers of tropical oceanic birds. Ibis 103b:458-473 368 Barrett R, Lorentsen SH, Anker-Nilssen T (2006) The status of breeding seabirds in mainland 369 Norway. Atl Seabirds 8(3):97-126. Benvenuti S, Dall'Antonia L, Lyngs P (2001) Foraging behaviour and time allocation of chick-374 rearing Razorbills Alca torda at Graesholmen, central Baltic Sea. Ibis 143:402-412. 375 Bradstreet MSW, Brown RGB (1985) Feeding ecology of the Atlantic Alcidae. In: Nettleship 376 DN, Birkhead TR (eds) The Atlantic Alcidae. Academic Press, London, p 263-318 377 Burger AE (1997) Arrival and departure behavior of Common Murres at colonies: evidence 378 for an information halo? Colonial Waterbirds 20:55-65. 379 Burger AE, Shaffer SA (2008) Application of tracking and data-logging technology in research 380 and conservation of seabirds. Auk 125:253-264. 381 Camphuysen CJ (2005) Understanding marine foodweb processes: an ecosystem approach 382 to sustainable sandeel fisheries in the North Sea. IMPRESS Final Report. Royal 383 Netherlands Institute for Sea Research, Texel. 384 Cardinale M, Casini M, Arrhenius F, Hakansson N (2003) Diel spatial distribution and feeding 385 activity of herring (Clupea harengus) and sprat (Sprattus sprattus) in the Baltic Sea. 386 Aquat Living Resour 16:283-292. 387 Casini M, Hjelm J, Molinero JC, Lövgren J, Cardinale M, Bartolino V, Belgrano A, Kornilovs G 388 (2009) Trophic cascades promote threshold-like shifts in pelagic marine ecosystems.
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Introduction 34 To understand the breeding ecology and behaviour of seabirds it is necessary to study their 35 behaviour both at the breeding colony and at sea. At the colony, detailed visual 53 In the Baltic Sea, a large-scale shift has occurred from a cod (Gadus morhua) dominated to 54 sprat (Sprattus sprattus) dominated ecosystem. This may have occurred due to a 55 combination of anthropogenic drivers, such as fishing pressure and eutrophication, and climate change with sprat numbers increasing following reduced predation by cod 57 (MacKenzie et al. 2002 , Casini et al. 2009 , Möllmann et al. 2009 ). Common murres in 58 the Baltic Sea are heavily dependent on sprat (Lyngs & Durinck 1998) . Thus, this change in 59 the dominant species meant a strong increase in prey abundance, but also a reduction in 60 prey condition and weight, resulting in a reduction in prey quality (Österblom et al. 2006, 61 Casini et al. 2011). In recent years, when the cod fishery was reduced, cod numbers have 62 started to recover. At the same time fishing pressure on sprat has increased resulting in a 63 decrease in biomass of c. 30% since a peak in the late 1990s (ICES 2010). However, on the 64 scale of the Baltic Sea, sprat abundance is still high in comparison with the 1970s and 1980s 65 when numbers were at approximately one third of 2009 levels (ICES 2010). The sprat fishery 66 near Stora Karlsö practically ceases from June to August, so it is not in direct competition 67 with murres during the breeding season. However, if fish numbers are sufficiently depleted 68 by the beginning of the breeding season, murres may have high foraging effort, with rapid 69 depletion of fish close to the island. Alternatively, fish numbers are not reduced to low 70 levels, but as sprat disperse following spawning, requiring more effort to catch, a 71 commercial fishing operation may cease to be economically viable. If this reduced 72 aggregation influences the birds, we would expect murres to use a large area of sea to 73 forage. Anecdotal evidence (e.g. observations by fishermen) suggests that foraging murres 74 from the Karlsö islands use a wide area and concentrate off the northern tip of Öland and 75 south of Gotland at the Hoburgs Bank ( Fig. 1 ). 76 In this paper we describe the foraging behaviour of chick rearing common murres using 77 simultaneous GPS device (GPSD) and TDR deployment. The study aimed to gain a broad 78 picture of foraging activity at Stora Karlsö, recording foraging locations, temporal patterns, 79 and foraging strategies. The detailed data allows a fine-scale analysis of activity during foraging trips, as well as whether multiple foraging sites are used during a trip and the 81 behaviour at the start of a trip. The GPS data allow foraging flights to be analysed, including 82 how these may be affected by wind. We hypothesise that foraging routes and locations are 83 affected by wind speed and direction. We predict that foraging activity will be concentrated 84 around dusk and dawn, as has been found for several other locations (e.g. Regular et al. unpublished data) and therefore we expect that foraging and diving effort will be equivalent 88 or lower to other murre colonies. This is the first study describing the foraging strategies of 89 common murres in the Baltic Sea. Wireless, Ontario, Canada) to record the foraging movements and diving behaviour 112 (detailed description in S1 in the supplement at ******). Eight GPSD were deployed, half 113 were set to record every 90 s, the others every 60 s, all but two were set to turn off from 114 2300 h to 0300 h local time (time in CEST unless stated), to save power at a time when 115 activity was expected to be low (e.g. Regular et al. 2010). Two versions of the TDR were 116 used, either with 50 (n = 3) or 500 m (n = 8) depth limits. All GPSD deployments included a 117 TDR, but three TDR were deployed without a GPSD, resulting in eight GPSD with TDR 118 deployments, and three TDR only deployments. We attached an identification ring to the 159 We analysed foraging trips using a combination of GPSD and TDR data, which allowed trip 160 start and end times to be determined. We classified behaviour during trips into four 161 categories; (1) diving bouts, (2) splashdown, (3) surface resting, and (4) flight (see S1). (Table   207 1) was dedicated to flight. During dive bouts, approximately a quarter of the time was spent 208 recovering during PDIs. Trip durations were variable ( Fig. 4 A) , with a median value of 3.1 h, 209 somewhat less than the mean value (Table 1 ), suggesting many shorter trips with few much 210 longer trips. Trips with evening departures were typically longer in duration than daytime 211 trips ( Fig. 5 A) . Four out of five trips occurring after 1900 h were >6 h, and no trip >6 h 212 started between midnight and 1900 h. The longer the duration of a foraging trip, the greater 213 the maximum distance reached from the breeding colony ( Fig. 6 A) . This relationship did not 214 appear to differ among individuals. LMMs included individual as a random effect with 215 random intercept and slope or random intercept only both were less parsimonious (higher 216 AIC values). 217 Diving activity increased with trip duration, both the number of dives ( Fig. 6 B) , and the 218 number of dive bouts ( Fig. 6 C) . For both factors, the most parsimonious model did not 219 include individual (selected by AIC) suggesting that little variation was explained by individual. Trip duration ( Fig. 4 A) and the maximum distance from the breeding-ledge 221 reached during trips ( Fig. 4 B) showed great variation, though distance was more uniform in 222 distribution. The total distance travelled (Table 1) was only slightly more than double the 223 maximum distance reached (mean ratio 2.26 ± 0.20), indicating that routes followed were 224 direct ( Fig. 3) , with straight flights too ( (Table 3) . The majority of dives 236 were U shaped with a broadness index mostly >0.015 (the V-shape threshold; Halsey et al. 237 2007) ( Fig. 8 D) . Therefore, dive shapes were not analysed further. The minimum surface 238 recovery period, PDI value, increased with dive duration with a steep increase beyond 150 s 239 ( Fig. 8 A) . On average the dive time was slightly more than double the PDI (Table 3) Discussion 245 We found that most foraging parameters measured for common murres in the Baltic Sea 246 were similar to those recorded at other sites, but some findings indicated good foraging 247 conditions for breeding murres. Furthermore, the murres used a limited foraging area 248 suggesting that prey was aggregated rather than dispersed. Alternatively the wind 249 conditions may have influenced the use of foraging areas. However, our study period was Foraging conditions 311 The use of longer trips in addition to short trips, radial pattern of trip paths, and the 312 presence of diving towards the most distant part of these trips supports the proposition that prey closer to the colony could be depleted, favouring more distant foraging sites. However, 314 the use of a limited sector of the sea suggests prey may not be widely dispersed but 315 aggregated. However, this may also reflect a preference for flights in headwinds and released after the deployment, most flew out to sea a few hundred metres, landing on the 629 water surface (TDR and observational data), and returned to the breeding-ledge (<15 mins). 630 We recaptured the common murres after 2 -10 days. shorter non-foraging trips. 636 TDRs recorded for the complete deployment periods and averaged 4.6 ± 2.4 d (range 2.9 to 637 9.5 d) giving a total period of 765.5 h. 3326 dives were recorded from 7 individuals, 2866 638 excluding the tag with 50 m depth limit. In total 408 dive bouts were recorded, of which 120 639 had GPS positions, 23 being the final dive bouts of foraging trips.
640
Data treatment and statistics 641 Flight was classified as where GPS speeds >5 ms -1 , chosen as speed followed a bimodal 642 distribution (Fig. S1 ). Flight durations were calculated as the length of time from the first to 643 the final GPS fix where speeds exceeded 5 ms -1 . Then, to adjust for sampling interval, half 644 the interval to the next fix and previous fix was added. Dive bouts were identified as 645 described above. Surface resting was classified as any time that was not any of the other 646 three behaviours. Time activity budgets were calculated as the mean proportion of time 647 spent on each type of behaviour for each trip. GPS signals were impaired at the breeding S2 695 Device effects 696 To assess device effects on study birds, we (1) compared the breeding success of tracked 697 birds with neighbouring untracked pairs and (2) compared the bird weights before and 698 following device deployment. Results.
(1) The mean minimum chick age at first absence was not significantly different 709 between study (mean = 12.9 ± 3.0 d , n = 9) and control (mean = 12.2 ± 3.0 d , n = 37) pairs 710 (Welch's Two Sample t-test, t = 0.55, p = 0.59, df = 11.7) suggesting that fledging success 711 was unaffected.
712
(2) The mean body mass at deployment for all individuals was 921 ± 62 g (n = 9). For four 713 birds for which re-capture weight was also recorded the start weight was 889 ± 73 g and the 714 end weight 869 ± 28 g. The rate of weight change was -12 g d -1 , although one bird gained 715 weight (16 g d -1 ), the other three lost weight (-21 ± 11 g d -1 ).
Breeding success did not differ between study and control birds. However weight losses 718 were recorded although these were similar to those reported in other studies using 
